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ABSTRACT
We present multiple epochs of near-IR spectroscopy for a sample of 25 young stars, including T Tauri,
Herbig Ae/Be, and FU Ori objects. Using the FSPEC instrument on the Bok 90-inch telescope, we
obtained K-band spectra of the Brγ transition of hydrogen, with a resolution of ≈ 3500. Epochs were
taken over a span of>1 year, sampling time-spacings of roughly one day, one month, and one year. The
majority of our targets show Brγ emission, and in some cases these are the first published detections.
Time-variability is seen in approximately half of the targets showing Brγ emission. We compare
the observed variability with expectations for rotationally-modulated accretion onto the central stars
and time-variable continuum emission or extinction from matter in the inner disk. Our observations
are not entirely consistent with models of rotationally-modulated magnetospheric accretion. Further
monitoring, over a larger number of epochs, will facilitate more quantitative constraints on variability
timescales and amplitudes, and a more conclusive comparison with theoretical models.
Subject headings: accretion, accretion discs—infrared: stars—circumstellar matter—techniques:
spectroscopic—stars: variables: T Tauri, Herbig Ae/Be
1. INTRODUCTION
Young stellar objects have long been known as variable
from UV to IR wavelengths (e.g., Joy 1942; Herbst et al.
1994; Skrutskie et al. 1996; Carpenter et al. 2001;
Eiroa et al. 2002; Forbrich et al. 2007; Flaherty et al.
2012). In addition to continuum variability, changes in
spectral features with time have been observed in some
sources, with the first time-monitoring spectroscopy con-
ducted soon after the discovery of T Tauri stars (Joy
1945). Subsequent spectroscopic monitoring of T Tauri
stars, predominantly at optical wavelengths, has contin-
ued to the present day, providing constraints on gas kine-
matics and variability around young stars.
Variability in the line profile shapes of Balmer tran-
sitions, for example the appearance or disappearance
of inverse P Cygni profiles, has been linked to changes
in winds from, or infall onto, T Tauri stars (e.g.,
Bertout et al. 1977). The characteristic timescale of this
variability is often observed to be hours to days, similar
to expectations for magnetically mediated accretion (e.g.,
Bertout et al. 1988; Guenther & Hessman 1993). In par-
ticular, optical spectroscopic variability on timescales
comparable to stellar rotation periods has been inter-
preted as evidence for rotationally-modulated accretion
along stellar magnetic field lines (e.g., Giampapa et al.
1993; Johns & Basri 1995; Bouvier et al. 2007). Later
studies extended similar monitoring, and results, to the
higher-mass analogs of T Tauri stars, the Herbig Ae/Be
stars (e.g., Mendigut´ıa et al. 2011; Costigan et al. 2014).
Not all young stars exhibit spectroscopic variability
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consistent with changes in the magnetospheric accretion
process. In a handful of objects, notably those character-
ized as UX Ori variables (e.g., Grinin et al. 1994), spec-
troscopic variability has been attributed to time-variable
extinction from dusty clouds orbiting in the inner cir-
cumstellar disk (e.g., Rodgers et al. 2002; Schisano et al.
2009; Rush et al. 2011). Variability in accretion rate may
also lead to changes in inner disk structure that cause
time-variable extinction (e.g., Stone et al. 2014).
Observed variability of optical emission lines—notably
Hα and other Balmer series lines—is often interpreted in
terms of accretion variability, which is reasonable given
the empirical correlation of line luminosities with ac-
cretion rates (e.g., Gullbring et al. 1998; Rigliaco et al.
2012). However, optical line profiles for many young stars
appear to trace a combination of infalling and outflowing
matter (e.g., Reipurth et al. 1996; Kurosawa et al. 2006).
This need not destroy the statistical correlation of opti-
cal line flux and accretion rate, since the outflow rate
generally traces the accretion rate (with a multiplier of
about 0.1; e.g., Hartigan et al. 1995). However for any
given object, it may be hard to distinguish whether ob-
served variability is due to a variable accretion flow, a
variable outflow, or a combination of both.
One way to distinguish infall and outflow variability
is to monitor Brγ emission. Brγ emission is also em-
pirically correlated with accretion rate (Muzerolle et al.
1998; Mendigut´ıa et al. 2011). While Hα line profiles of-
ten show blue-shifted absorption components, suggestive
of outflowing matter, this absorption is typically absent
in Brγ profiles. Brγ lines also generally show blue-shifted
emission centroids. Overall, the line profiles of Brγ are
more consistent with pure infall than Hα and other opti-
cal lines (e.g., Najita et al. 1996; Folha & Emerson 2001;
Muzerolle et al. 2001). Brγ has the additional advantage
2that it suffers less extinction from foreground material;
this can be particularly important for younger, more em-
bedded sources.
A handful of young stars have multiple epochs of
Brγ emission in the literature. For some of these,
the epochs were observed with the same instrument
and analyzed in a consistent manner (Folha & Emerson
2001; Eisner et al. 2007, 2010a; Sitko et al. 2012;
Pogodin et al. 2012; Mendigut´ıa et al. 2013; Stone et al.
2014). Two of these works obtained simultaneous ob-
servations of optical and near-IR emission lines, clearly
demonstrating the wind-like line profiles of Hα along
with the infall-like line profiles of Brγ (Pogodin et al.
2012; Mendigut´ıa et al. 2013). These studies show that
the variability of the optical and near-IR lines are cor-
related, but suggest that the variability amplitude may
be (marginally) smaller for Brγ emission than for Hα
emission.
To better constrain the physical mechanism behind
near-IR spectroscopic variability, we seek monitoring ob-
servations over a range of timescales, for a large, diverse
sample of young stars. Here we present multi-epoch ob-
servations of Brγ emission from young stars spanning a
wide range of both stellar and circumstellar properties.
This paper presents a larger sample, with better tempo-
ral coverage, than existing work. We also present the first
observations of Brγ emission from a number of sources,
expanding significantly the existing sample of early-type
young stars.
2. SAMPLE
We selected a sample of T Tauri and Herbig Ae/Be
stars that were visible from Tucson during the sum-
mer months3. The sample includes: 5 T Tauri stars,
pre-main-sequence analogs of solar-type stars; 17 Herbig
Ae/Be stars, which are young, intermediate mass stars
surrounded by circumstellar material; 2 FU Orionis stars,
thought to be young stars surrounded by particularly ac-
tive accretion disks; and one heavily-veiled object whose
spectral type is uncertain. We provide some basic infor-
mation about our sample below.
The T Tauri stars in our sample are AS 205 N, V1002
Sco, V2508 Oph, AS 209, and V521 Cyg. The first four
are in the Ophiucus or Upper Sco regions, all at an as-
sumed distance of 160 pc (e.g., Chini 1981; Walter et al.
1994). V521 Cyg is located in the “Gulf of Mexico”
region (Herbig 1958; Armond et al. 2011), at an es-
timated distance of ∼ 520 pc (Laugalys et al. 2006).
These sources have spectral types between K6 and K0
(Eisner et al. 2005; Walter et al. 1994; Torres et al. 2006;
Herbig 1958), corresponding to stellar masses of ∼ 0.9–
1.5 M⊙ (e.g., Eisner et al. 2005; Hartigan et al. 1995).
The Herbig Ae/Be stars in our sample include 6 Her-
big Ae stars: HD 141569, MWC 863, 51 Oph, MWC
275, VV Ser, and V2020 Cyg; and 11 Herbig Be stars:
EU Ser, MWC 297, V1685 Cyg, V1972 Cyg, AS 442,
V2019 Cyg, LkHα 169, V645 Cyg, V380 Cep, V361
Cep, and MWC 1080. These sources have spectral
types between A2 and O7 (e.g., Hillenbrand et al. 1992;
Mora et al. 2001; Cohen 1977), corresponding to a stel-
3 Data for this program were acquired during the summer to
allow undergraduate students (co-authors on the paper) to partic-
ipate in the observations on Kitt Peak.
lar mass range of ∼ 2–10 M⊙ (e.g., Palla & Stahler
1993). These targets are located in several differ-
ent regions, at distances between ∼ 100 and 3500
pc (Herbig 1958; Strom et al. 1972; Chavarria-K. 1981;
Goodrich 1986; de Lara et al. 1991; Hillenbrand et al.
1992; Perryman et al. 1997; Miroshnichenko & Corporon
1999; Laugalys & Straizˇys 2002; Straizˇys et al. 2014).
We included two FU Orionis objects in our sample:
V1057 Cyg and V1515 Cyg. These are two of the pro-
totypical FU Orionis objects (Herbig 1966), and are
thought to represent circumstellar disks in the midst
of enhanced accretion events (e.g., Hartmann & Kenyon
1996). V1057 Cyg is in the North American nebula at
a distance of 600 pc (Laugalys & Straizˇys 2002), while
V1515 is found in the Cyg R1 region at ∼ 1000 pc
(Racine 1968).
V1331 Cyg is a heavily veiled object lacking clear stel-
lar photospheric absorption features (e.g., Eisner et al.
2007), and hence its spectral type is unknown. However
it is known to be an actively accreting object, as traced
by strong Brγ emission. V1331 Cyg is one of the few
young stars known to exhibit strong CO overtone emis-
sion (e.g., Carr 1989), perhaps indicating a particularly
active accretion flow for this source (e.g., Eisner et al.
2014). V1331 Cyg is found in the NGC 7000 region, at
a distance of ∼ 700 pc (e.g., Herbig 1958; Chavarria-K.
1981).
Most objects in our sample have existing Brγ spectra
in the literature. We compare these existing data with
our measurements below in Section 4. We also present
the first observations of Brγ emission in 10 sources: 2 T
Tauri stars (AS 209 and V521 Cyg); one Herbig Ae star
(V2020 Cyg); and 7 Herbig Be stars (EU Ser, V1972 Cyg,
V2019 Cyg, LkHα 169, V645 Cyg, V380 Cep, and V361
Cep). These Brγ spectra of Herbig Be stars result in a
sample of early-type young stars approximately twice the
size of previous work (e.g., Garcia Lopez et al. 2006).
3. OBSERVATIONS AND DATA REDUCTION
We used the near-IR spectrograph FSPEC at the Bok
90-inch telescope to monitor the Brγ emission around
our sample of young stars (Section 2). We employed a
grating with 600 grooves per mm, providing a resolving
power of λ/∆λ = 7400 (per pixel). FSPEC provides a
2.4′′ × 96′′ slit, with 1.2′′ pixels. The slit is ∼ 2 pixels
wide, and the actual spectral resolution is closer to 3500.
In our observations we nodded along the slit, observing
each object at 5–6 distinct slit positions. Total integra-
tion times (including all slit pointings) for each observa-
tion are listed in Table 1. Observations of target objects
were interleaved with observations of telluric calibrators.
We selected dwarf calibrators with spectral types later
than G6V; in fact all calibrators except HD 174719—
used to calibrate targets in Serpens—have spectral types
later than G8V. Such late-type calibrator stars do not
show photospheric Brγ absorption, so no spurious sig-
nals are introduced into the target spectra.
We developed an IDL-based data reduction pipeline
to produce calibrated spectra (described in detail in
Eisner et al. 2013). The pipeline works on an entire
night of data as a block, producing telluric-corrected,
wavelength-calibrated spectra for each object observed
during the night. Because we work with the entire night
of data at once, we can use a weighted sum of all the data
3to produce higher signal-to-noise in certain calibrations.
The data reduction procedure includes: creation of
median flat and dark images; generation of a bad pixel
mask; correction of bad pixels in the data; sky subtrac-
tion; shifting-and-adding nod sets; spectral extraction;
telluric calibration; and wavelength calibration. Our ob-
servations were not taken under photometric conditions,
so we do not attempt to associate real continuum fluxes
with our reduced spectra. Rather, we divide each spec-
trum by its continuum level so that all spectra for a given
object share a common normalization. We thus ignore
any potential variability in the continuum flux of our
targets. Such variations would not be surprising given
the known infrared variability of many young stars (e.g.,
Skrutskie et al. 1996; Eiroa et al. 2002).
4. RESULTS
Spectra of our targets are plotted in Figures 1–5.
Nearly all targets show Brγ emission. A few targets show
absorption features, while two show no discernible Brγ
features. A number of objects show differences in spectra
from epoch-to-epoch.
The random uncertainties in each spectrum can be
judged from the channel-to-channel variations in contin-
uum regions. While the uncertainties are different from
epoch to epoch, typical error bars are < 1% of the con-
tinuum level. Even for the faintest objects in our sample
(EU Ser and V521 Cyg), the uncertainties are < 5% of
the continuum level.
Because we do not calibrate the continuum flux level
of our observations, we can not calculate Brγ line fluxes
for our targets. Rather we determine equivalent widths
(EWs), which provide a measurement of line flux rel-
ative to the continuum level. Although some fraction
of inner disk continuum emission may trace gas, perhaps
free-free emission from H or H− (e.g., Tannirkulam et al.
2008; Eisner et al. 2009), to first approximation, the con-
tinuum emission in the near-IR traces dust. Within this
approximation, one can view EW as a measure of Brγ
gas to dust emission.
After subtracting the continuum level, EWs are mea-
sured by simply integrating the flux across the Brγ fea-
ture, from 2.159 to 2.174 µm. We do not attempt to
correct the spectra for any photospheric absorption, and
so measured EWs may include both stellar absorption
and circumstellar emission (or absorption). To estimate
errors in measured EWs, we simulate 1000 noise real-
izations for each spectrum. Each simulated spectrum
consists of the observed spectrum plus Gaussian noise,
where the σ of the noise is determined from line-free re-
gions of the observed spectrum. In addition, we include
the effects of bad pixels at random locations, multiplying
two pixel values in each synthetic spectrum by 5. The
uncertainty in the EW measurement is estimated as the
1σ confidence level of the EWs determined for the 1000
synthetic spectra. EWs and uncertainties for each target
and observed epoch are listed in Table 1.
Two objects in the sample show no evidence of Brγ
emission (or absorption) in any observed epoch: V1002
Sco and V361 Cep. Another source, V1057 Cyg, shows
only hints of Brγ features in its spectra, with most epochs
consistent with an EW=0. Brγ emission or absorption
features are detected in the remaining 22 targets in our
sample. For 8 objects, these are the first reported de-
tections of Brγ emission: AS 209, EU Ser, V1972 Cyg,
V2019 Cyg, V2020 Cyg, V521 Cyg, V645 Cyg, V380 Cep.
Brγ absorption is reported for the first time in LkHα 169,
although the origin of this spectral feature is presumably
the stellar photosphere rather than circumstellar gas.
About half of the objects with detected Brγ emis-
sion show variability, as traced by measured EWs, across
the observed epochs (Table 1). The sub-sample exhibit-
ing significant Brγ variability includes AS 205 N, V2508
Oph, MWC 863, MWC 297, VV Ser, V1695 Cyg, V1972
Cyg, AS 442, V2019 Cyg, and V1331 Cyg. Several ob-
jects also show some variability in observed Brγ line pro-
files from epoch to epoch. A notable example is V1331
Cyg, where inverse P Cygni absorption features appear
in some epochs (Figure 5).
In the following subsections, we describe the line pro-
files and measured EWs for each target in the sample
individually. We also compare with previous Brγ mea-
surements in the literature, for sources where such data
exist.
4.1. T Tauri Sources
4.1.1. AS 205 N
Our measurements of the EW varied between −2 ± 1
and −7 ± 1 A˚ over the > 1 year baseline of the obser-
vations. However, more modest variations are detected
on day-to-day and month-to-month timescales as well
(Table 1). Previous observations determined EWs of -
4.7 A˚ in 1994 (Najita et al. 1996), and -3.7 A˚ around
2009 (Eisner et al. 2014), consistent with the range of
EW seen in the FSPEC data.
4.1.2. V1002 Sco
We see no Brγ absorption or emission features in any
observed epochs. This contrasts with a previous mea-
surement from 2005, which showed a broad, asymmetric
Brγ feature with EW = −14± 6 A˚ (Eisner et al. 2007).
4.1.3. V2508 Oph
The Brγ emission from V2508 Oph exhibits variabil-
ity in EW beyond the uncertainties over the > 1 year
observed time-baseline. The largest emission feature ob-
served has an EW of −4±1 A˚, while the weakest emission
gives an EW of 0± 1 A˚ (Table 1). This very weak emis-
sion feature occurs one day after, and one month before,
stronger features with EWs of −3±1 A˚. We also see some
change in the line profile shapes on the same timescales,
with additional blue emission, or red absorption, in some
epochs (Figure 1). Thus, variability appears to be oc-
curring on short timescales. However, a previous mea-
surement of Brγ emission with an EW of -6.5 A˚ in 2005
(Eisner et al. 2014) suggests that the emission may also
vary on longer timescales.
4.1.4. AS 209
We detect Brγ emission from AS 209 for the first
time. We see no significant variations across our observed
epochs, which span > 1 year (Table 1; Figure 1).
4.1.5. V521 Cyg
V521 Cyg is one of the fainter objects in our sample
(mK ≈ 8.8), and thus the signal-to-noise of the FSPEC
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Fig. 1.— Spectra of the T Tauri stars in our sample. Observed epochs for each object are color-coded by MJD.
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Fig. 2.— Spectra of the Herbig Ae stars in our sample. Observed epochs for each object are color-coded by MJD.
6data are lower for this object. However, we clearly de-
tect Brγ emission in two separate observations (Figure
1). These are the first detections of Brγ emission in this
source.
4.2. Herbig Ae Sources
4.2.1. HD 141569
The Brγ emission from HD 141569 appears to be con-
stant, within uncertainties, across our observed epochs
(Figure 2). The Brγ profiles include a broad stellar pho-
tospheric absorption component and a double-peaked cir-
cumstellar emission component, consistent with previous
observations (Garcia Lopez et al. 2006; Brittain et al.
2007). The EWs listed in Table 1 include the stellar and
circumstellar components, and are compatible with the
earlier measurements. For example, Garcia Lopez et al.
(2006) measured an EW of 6 A˚, but if the stellar absorp-
tion is removed, the circumstellar Brγ EW is estimated
as -4.5 A˚. Since we do not expect the stellar photospheric
absorption to vary, the lack of observed variability in the
Brγ spectra implies a lack of variability in the cirumstel-
lar component as well.
4.2.2. MWC 863
Measured EWs for MWC 863 range from −2 ± 1 to
−5 ± 1 A˚ over a ∼ 1 year timescale (Table 1). How-
ever, the characteristic timescale for variability may be
shorter, as suggested by the marginally significant night-
to-night variations. The line profile also appears to show
additional red emission during the epoch with the high-
est measured EW (Figure 2). Previous measurements
of the EW for MWC 863 are between -5.5 and -6.2
A˚ (Garcia Lopez et al. 2006; Eisner et al. 2014), consis-
tent with the range seen here.
4.2.3. 51 Oph
The line profiles of Brγ emission observed for 51 Oph
show no significant changes across the > 1 year time-
baseline (Figure 2), and measured EWs do not vary sig-
nificantly (Table 1). As for HD 141569, the EWs include
both a broad stellar absorption component and a double-
peaked circumstellar emission component. An existing
spectrum of 51 Oph in the literature yields an EW of 1.3
A˚ (Garcia Lopez et al. 2006), consistent with the mea-
surements presented here.
4.2.4. MWC 275
MWC 275 shows no significant variations in Brγ
EW or line profiles across the observed epochs
(Table 1; Figure 2). Previous determinations of
the EW, -6.9 A˚ (Garcia Lopez et al. 2006), -7.1
A˚ (Donehew & Brittain 2011), and -6.3 A˚ (Eisner et al.
2014) are compatible with our measurements. How-
ever, Mendigut´ıa et al. (2013) measured EWs between -
4.8 A˚ in October of 2011 and -3.5 A˚ in February of 2012;
these values are outside the range seen in the present
work. While the EW estimates and quoted error bars
of Mendigut´ıa et al. (2013) imply variability, the ampli-
tude would fall within our measurement uncertainties.
Kraus et al. (2008) also cited evidence for modest line
profile changes, consistent with low-level variability in
this object.
4.2.5. VV Ser
During the epochs we observed VV Ser, between 22
May 2010 and 16 June 2011, the Brγ EW ranged from
−5± 1 to −9 ± 1 A˚, with variations apparent on night-
to-night timescales (Table 1). Line profiles show slight
variations on similar timescales (Figure 2). While we
also observe shifts in the line centroids, these shifts are
. 50 km s−1, and may simply reflect a combination of
Earth motion and uncertainties in the wavelength cali-
bration. Previous measurements of Brγ emission deter-
mined EWs of -9.0 A˚ in 2004 (Garcia Lopez et al. 2006),
-3.7 A˚ in 2008 (Donehew & Brittain 2011), and -5.1 A˚ in
2011 (Eisner et al. 2014), generally consistent with the
range we observe here.
4.2.6. V2020 Cyg
We detect Brγ emission from V2020 Cyg over four
epochs, with three epochs separated by about a day, and
the fourth a month before (Figure 2). To the best of our
knowledge this is the first detection of Brγ emission in
this object. No significant variability is observed (Table
1).
4.3. Herbig Be Sources
4.3.1. EU Ser
EU Ser is the faintest object in our sample, with
mK ≈ 9.5. As illustrated in Figure 3, our measured
spectra are quite noisy. However, there is clear evidence
for the presence of Brγ emission; this is the first obser-
vation of Brγ emission from this source. We obtained
two epochs of FSPEC data separated by 2 nights, which
suggest different line profiles. With the low signal-to-
noise of the data, however, this hint of variability is not
significant (Table 1).
4.3.2. MWC 297
MWC 297 is the brightest object in our sample, with
mK ≈ 3, and also the target with the largest observed
Brγ EW (Table 1). The emission does appear some-
what variable, with EWs ranging between −22±1 A˚ and
−28 ± 1 A˚ during the > 1 year span of our observa-
tions. This large variation is seen on monthly and yearly
timescales, while night-to-night variations are less sig-
nificant. The line profiles may also differ from epoch
to epoch, although it is difficult to constrain this well,
since the line is fairly narrow for this source (Figure
3). Our measurements for MWC 297 differ significantly
from previous measurements in the literature: -16.0 A˚ in
2004 (Garcia Lopez et al. 2006), and -17.2 A˚ in 2008
(Weigelt et al. 2011). Thus, we see evidence for varia-
tions on timescales of months and years in this target.
4.3.3. V1685 Cyg
V1685 Cyg shows strong Brγ emission with a line
profile whose shape does not vary significantly over 11
epochs observed over the course of > 1 year (Figure 3).
However, the strength of the emission, as traced by the
measured EW, does change. Variations in EW between
−9± 1 and −14± 1 A˚ are seen over a range of timescales
(Table 1). A previous measurement of Brγ emission in
V1685 Cyg determined an EW of -12.1 A˚ (Eisner et al.
2014), within the range of values determined here.
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Fig. 3.— Spectra of the Herbig Be stars in our sample. Observed epochs for each object are color-coded by MJD.
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Fig. 3.— continued.
94.3.4. V1972 Cyg
We observed V1972 Cyg during four epochs over con-
secutive days. We detected strong Brγ emission (Fig-
ure 3), the first published detection for this object. Sig-
nificant variations are seen, with EWs ranging between
−16± 1 and −23± 1 A˚ (Table 1).
4.3.5. AS 442
AS 442 shows variability in Brγ emission, with mea-
sured EWs between −3± 1 and −7± 1 A˚ (Table 1). The
variability occurs on night-to-night timescales. Line pro-
files also vary slightly from epoch to epoch (Figure 3). A
previous measurement of Brγ emission in AS 442 deter-
mined an EW of -4.5 A˚ (Eisner et al. 2014), within the
range of values determined here.
4.3.6. V645 Cyg
We detect Brγ emission from V645 Cyg over four
epochs, with three epochs separated by about a day, and
the fourth a month before (Figure 3). To the best of our
knowledge this is the first detection of Brγ emission in
this object. No significant variability is observed in the
EW (Table 1). However, the spectra for some epochs
suggest absorption on the blue side of the line (Figure
3), as in P Cygni wind profiles. Such a profile is not seen
in one spectrum, which was taken about a year apart
from all other epochs. While this observation hints at
the possibility of a time-variable wind, with the noise in
the data we cannot make a confident statement about
variability.
4.3.7. V2019 Cyg
We present the first detection of Brγ emission toward
V2019 Cyg (Figure 3). Strong emission was observed
during four epochs over consecutive nights, with EWs
ranging between −17± 1 and −21± 1 A˚ (Table 1).
4.3.8. LkHα 169
We observed LkHα 169 three times, with epochs sepa-
rated by two days, and about a month. No Brγ emission
is detected, although we do see broad Brγ absorption in
all epochs (Figure 3). The spectral type of LkHα 169 is
B8, and we expect broad, photospheric Brγ absorption.
These spectra are fairly noisy (this object is relatively
faint, with mK ≈ 8.6), and the measured EWs are con-
sistent with no variability.
4.3.9. V380 Cep
We present only a single epoch of Brγ emission for
V380 Cep (Figure 3; Table 1). This is the first published
Brγ emission for this source.
4.3.10. V361 Cep
We present only a single observation of V361 Cep (Fig-
ure 3; Table 1). No Brγ absorption or emission is de-
tected for this target.
4.3.11. MWC 1080
We present only a single epoch of Brγ emission for
MWC 1080, and measure an EW of −7 ± 2 A˚ (Figure
3; Table 1). A previous measurement estimated the Brγ
EW as -5.1 A˚ (Eisner et al. 2014), consistent with the
EW determined here.
4.4. FU Ori Objects
4.4.1. V1057 Cyg
The spectra for V1057 Cyg, observed over 9 epochs
spanning about a year, show no significant variabil-
ity (Table 1). Indeed, measured EWs are consistent
with 0 for most epochs, indicating that no Brγ emis-
sion or absorption was detected. However, Figure 4
shows hints of an absorption feature at the expected
wavelength of the Brγ transition with some excess red
emission, perhaps consistent with previous observations
(Eisner & Hillenbrand 2011).
4.4.2. V1515 Cyg
V1515 Cyg appears to show weak Brγ emission (Fig-
ure 4), although measured EWs are consistent with 0 for
some observed epochs (Table 1). No significant variabil-
ity is observed over the ∼ 1 year of our observations.
The line profile appears similar to the one presented in
Eisner & Hillenbrand (2011).
4.5. The heavily-veiled source, V1331 Cyg
As one of the fainter objects in our sample, the spec-
tra for V1331 Cyg have somewhat lower signal-to-noise.
However, the Brγ emission from this target is strong and
easily detectable above the noise level (Figure 5). The
EWs vary from −9± 1 to −14± 1 A˚ across the > 1 year
of observations (Table 1). Previous measurements of Brγ
emission estimated EWs of -15.3 A˚ in 1994 (Najita et al.
1996), and -14.4 A˚ in 2009 (Eisner et al. 2014). While
these previous measurements, and most of our spectra,
show single-peaked emission line profiles, red absorption
features appear strongly in one epoch and tentatively in
another epoch (Figure 5). Such line profiles resemble
inverse P Cygni profiles, and may indicate that we are
seeing red absorption from infalling matter along the line
of sight.
5. DISCUSSION
5.1. Brγ Emission and Variability Across the Sample
Our sample spans a broad range of spectral type, from
solar-type T Tauri stars to & 10 M⊙ stars. The sample
also includes heavily-veiled objects, which are presum-
ably surrounded by massive, active accretion disks. The
extreme end of the sample comprises FU Ori sources,
where the central stars are completely invisible under-
neath the hot, active accretion disks. Here we examine
measured Brγ EWs and line profiles, and their variabil-
ity, across this diverse sample.
We detect Brγ emission around 4/5 of the T Tauri stars
in our sample: only V1002 Sco shows no emission. The
Brγ emission from these sources has a typical EW with
absolute value smaller than about 5 A˚ (consistent with
previous Brγ spectroscopy; e.g., Muzerolle et al. 1998).
Variability, when detected, is modest, at the level of ∼ 2
A˚.
Among the Herbig Ae sources in our sample, 6/6 ob-
jects have detected Brγ emission. Typical EWs and vari-
ability amplitudes are similar to those seen in the T Tauri
sub-sample. We do, however, note the broad, double-
peaked line profiles seen in the Herbig Ae sources HD
141569 and 51 Oph, perhaps suggesting a different mor-
phology of the emission in these objects.
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Fig. 4.— Spectra of the FU Ori stars in our sample. Observed epochs for each object are color-coded by MJD.
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Fig. 5.— Spectra of V1331 Cyg, the heavily-veiled star in our
sample whose spectral type is uncertain. Observed epochs are
color-coded by MJD.
Brγ emission is detected toward all Herbig Be sources
except two: photospheric absorption is seen in LkHα 169
and no emission or absorption is detected toward V361
Cep. In contrast to the T Tauri and Herbig Ae stars, Brγ
emission from the Herbig Be sample tends to be stronger
and more variable. For example, a number of objects
have Brγ EWs of -10 to -20 A˚, and variability up to 5 A˚ is
observed in some targets. The strongest Brγ emission
is observed from the early-type objects in our sample,
consistent with previous results (e.g., Garcia Lopez et al.
2006).
The most massive star in the sample, Herbig Be source
V645 Cyg, exhibits a line profile suggestive of outflow
(Figure 3). In particular, the blue absorption feature
seen in most epochs indicates outflowing matter in the
observed line-of-sight that is absorbing background emis-
sion. MWC 297, the second-most-massive star in the
sample, does not show such a line profile. However view-
ing geometry may lead to outflows outside the line-of-
sight, and hence a lack of absorption features. Indeed,
spatially resolved spectroscopy of MWC 297 has sug-
gested that Brγ gas arises in a magnetocentrifugally-
launched wind on scales of & 1 AU (Malbet et al. 2007;
Weigelt et al. 2011). Thus, the Brγ emission we observe
from the most massive Herbig Be stars in our sample may
trace outflows more commonly than the emission seen in
less massive objects.
V1331 Cyg is an unusual object compared to others in
the sample. It is heavily veiled, and hence its spectral
type is unknown. It also exhibits strong CO overtone
emission. These properties suggest a massive and/or hot
accretion disk around the central star. As in previous
work, we find strong Brγ emission from V1331 Cyg, con-
sistent with the hypothesis of an active accretion disk
around the source. We also see red absorption features in
some observed epochs, suggesting infalling matter along
the line-of-sight. The observed line-profile and EW vari-
ability indicates that this infall may be sporadic.
Finally, we included two FU Ori stars in our sample:
V1057 Cyg and V1515 Cyg. These objects are character-
ized by spectra that resemble stellar photospheres at sev-
eral thousand degrees (e.g., Hartmann & Kenyon 1996).
At such temperatures, one does not expect significant
Brγ absorption or emission. That is essentially what
we see in the FSPEC data. However, both objects show
hints of features, with possible weak absorption with red-
ward emission in V1057 Cyg, and a weak emission feature
in V1515 Cyg (Figure 4).
5.2. Brγ Emission and Variability as a Tracer of
Magnetospheric Accretion
As discussed in Section 1, Brγ is empirically cor-
related with mass accretion rate onto young stars
(Muzerolle et al. 1998; Mendigut´ıa et al. 2011). While
this is also true for optical emission lines like Hα
(e.g., Gullbring et al. 1998), comparison of optical and
near-IR line profiles suggests that the former are more
likely to trace wind emission, and the latter more
likely to trace infalling matter (e.g., Najita et al. 1996;
Folha & Emerson 2001; Muzerolle et al. 2001).
Imaging observations have suggested that Brγ may still
trace outflowing gas near the magnetospheric scale (e.g.,
Eisner et al. 2010b, 2014), or in some cases on consid-
erably larger scales (e.g., Malbet et al. 2007; Beck et al.
2010). However, in nearly all objects where Brγ emis-
sion has been spatially resolved, some of the emission
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traces very compact scales consistent with accretion flows
(e.g., Eisner et al. 2014). Furthermore, spatially ex-
tended emission is generally found to constitute only a
small fraction of the total Brγ line flux (e.g., Beck et al.
2010). Thus, despite evidence that some Brγ emission
originates in outflows, it appears that Brγ is still a bet-
ter tracer of accretion flows than optical lines like Hα.
Variability in Brγ emission can occur for a variety
of reasons. Since hydrogen line emission traces in-
falling material, when accretion rates are higher more
hydrogen gas is excited and produces more Brγ emis-
sion. Alternatively, a steady global disk accretion
rate may interact with a rotating, magnetic star and
produce time-variable hotspots or accretion streams
(e.g., Romanova et al. 2004, 2008). Indeed, models of
disk/magnetosphere interactions show that Brγ line pro-
files and EWs can vary on stellar rotation timescales
(e.g., Kurosawa et al. 2008). However variations on
shorter timescales are also possible for unstable accre-
tion, where multiple, thin, variable accretion flows im-
pact the star (Kurosawa & Romanova 2013).
Magnetically-mediated accretion models thus predict
that Brγ emission should vary on timescales comparable
to or shorter than stellar rotation periods. Measured
rotation periods for young stars are typically∼ 1–10 days
(e.g., Herbst et al. 2007). While we argued in Section
4 that many objects show variations on night-to-night
timescales, a rigorous comparison with models requires
quantification of the observed variability periods.
Quantitative constraints are difficult with the limited
time-sampling of our data. We therefore restrict our
quantitative analysis to those objects with the most data.
We select targets with significant variability in their Brγ
emission, for which we obtained > 5 epochs of data. We
then determine frequency distributions of measured EWs
using periodograms (Lomb 1976; Scargle 1982).
Figure 6 shows the calculated periodograms for 8 of
our sample objects. In general we see more power on the
shortest periods (< 5 days) than on other timescales.
This is consistent with the observation that variabil-
ity appears to occur on night-to-night timescales in
many sources, and is compatible with variability as-
sociated with magnetospheric accretion processes (e.g.,
Kurosawa & Romanova 2013).
However the time-sampling of the observations alone
can lead to power at short periods in the periodograms.
To test this, we calculated the periodograms for 1000
realizations of Gaussian noise, with the same time-
sampling as our observations. The average of these 1000
periodograms is included in Figure 6. The periodograms
for several targets, most notably V1685 Cyg and AS 442,
resemble the one computed for Gaussian noise. For these
sources, the variability may be random, with no preferred
timescale.
The periodograms for other objects appear distinct
from the one determined for Gaussian noise, and suggest
variability on longer timescales. V1331 Cyg shows a peak
in its periodogram on a timescale > 200 days. MWC
297 also shows power on timescales > 200 days at ap-
proximately the same level as the power seen on shorter
variability timescales. We noted in Section 4 that our ob-
served EWs for MWC 297 differ significantly from previ-
ously published measurements from several years earlier.
These long-term variations are probably not associated
with star/disk interactions. However secular changes in
the accretion rate may be associated with this longer-
timescale variability.
Magnetospheric accretion models also make predic-
tions about Brγ line profiles and their variability
(Kurosawa et al. 2008; Kurosawa & Romanova 2013).
Synthetic Brγ emission lines show redshifted absorption
components. Redshifted absorption may appear and dis-
appear as accretion flows rotate in and out of the ob-
served line-of-sight, or may persist for accretion in the
unstable regime where multiple, thin, variable accretion
flows impact the star. These absorption components are
weaker, or absent, in synthetic spectra of Hα and other
optical lines. The Brγ absorption features are stronger,
and variability amplitudes of line profiles higher, because
Brγ traces matter near the base of the accretion stream
at high velocities, while Hα traces Stark-broadened emis-
sion from a much larger area.
While the redshifted absorption components and line
profile changes predicted by models would be easily de-
tectable in our FSPEC data, we observe a paucity of
either. We see little redshifted absorption in the Brγ
lines for our sample. V1331 Cyg shows strong red-
shifted absorption—in only some epochs—and V2508
Oph shows weak redshifted absorption. This repre-
sents a detection rate of ∼ 10% for the sources in
our sample exhibiting Brγ emission. For comparison,
Folha & Emerson (2001) saw redshifted Brγ absorption
components around 20% of their sample. Given the lower
spectral resolution and signal-to-noise in our data com-
pared to those of Folha & Emerson (2001), and the fairly
weak absorption features seen in some objects by those
authors, our detection rate is probably consistent with
theirs.
Studies of optical emission lines, including those in the
Balmer series, often claim much higher rates of redshifted
absorption. For example, a study of multiple optical
emission lines found redshited Hδ absorption in > 50% of
observed objects (e.g., Edwards et al. 1994). Red absorp-
tion features are seen to persist across multiple epochs in
some sources (e.g., Edwards et al. 1994) or to appear and
disappear in other objects (e.g., Bertout et al. 1977). Si-
multaneous monitoring of optical and near-IR lines shows
that the amplitude of variability in optical lines is similar
to, or marginally larger than the variability amplitude of
near-IR lines like Brγ (e.g., Mendigut´ıa et al. 2013).
Magnetospheric accretion models thus make several
predictions (e.g., Kurosawa & Romanova 2013) that can
be compared with our observations. Expected variabil-
ity timescales are on the order of stellar rotation peri-
ods, and our inferred variability timescales are roughly
consistent with this expectation. However the predicted
red absorption features, and their time-variability, is not
consistent with our data. Furthermore, the greater oc-
curence rate of such spectral features in optical lines com-
pared to Brγ is also inconsistent with models. Thus it
appears that the models must be modified to account for
both the optical and near-IR emission lines, or that a
different physical process may be responsible for the Brγ
emission variability seen from young stars.
5.3. Time-Variable Extinction or Continuum Level
Extinction can complicate the picture outlined above
by obscuring the central stars or accretion flows, espe-
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Fig. 6.— Frequency distributions of measured EWs over multiple epochs. These distributions were calculated using periodograms (Lomb
1976; Scargle 1982), and were determined for targets that show significant variabiltiy in Brγ EW over at least 5 observed epochs (Table
1). The bottom right panel shows the average of 1000 periodograms, each calculated for a single realization of Gaussian noise sampled at
the same epochs as the data for V1331 Cyg.
cially for nearly edge-on disks where the line of sight to
the central star intersects part of the dusty inner disk.
This obscuration may actually increase for higher accre-
tion rates, since increased viscous dissipation heats the
inner disk and causes a hydrostatic increase in the disk
scale height (e.g., Stone et al. 2014). In this scenario,
Brγ emission from infalling matter may be observed to
decrease even as M˙ increases, because of the increased
extinction.
Extinction may also lead to a situation where observed
variability in Brγ emission is dominated by variability in
outflows rather than accretion streams. Since the inner
disk scale height is large compared to the size of the cen-
tral star, even magnetospheric accretion flows onto polar
regions of the star can be obscured by a nearly edge-on
disk. While the mass accretion rate is typically higher
than the mass outflow rate (by about a factor of 10; e.g.,
Hartigan et al. 1995), if the accretion flow is extincted
while the outflow is not, then any observed variability
may be dominated by processes in the outflow. Since
extinction of the inner accretion stream could increase
with M˙ , the relative contributions of infall and outflow
to the observed Brγ line profile might also vary with M˙ .
Finally, extinction may obscure the central star while
leaving more of the accretion flow visible. In this case,
the continuum level might decrease while the Brγ line
flux (and line profile) remained approximately constant.
For the majority of our sample, the K-band continuum
flux is dominated by emission from circumstellar matter
(e.g., Eisner et al. 2014), and thus any variable obscura-
tion of the central star is expected to be a minor effect.
However, changes in continuum level due to variations
in the structure of the inner disk (e.g., Flaherty et al.
2013; Cody et al. 2014), may also be important for in-
terpreting our observations. Continuum changes would
cause variability in the Brγ line-to-continuum ratios, and
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hence in the measured EWs.
Some studies have found evidence for photometric and
spectroscopic variability due to time-variable obscuration
by a warped inner disk on stellar rotation (or equiva-
lently, corotation) timescales (e.g., Bouvier et al. 2007).
In general, however, one might expect variability on the
dynamical timescales corresponding to the inner edge of
the dust disk, which is typically larger (by factors up to a
few) than the corotation radius (e.g., Eisner et al. 2005).
It is this dusty inner disk that dominates the continuum
emission and the potential extinction.
With the time-sampling of our data, we are not sen-
sitive to the difference in period expected for variability
near the inner edge of the dust disk and variability linked
to the magnetospheric scale. However, the lack of line
profile variability seen in many objects is consistent with
time-variable extinction or continuum level, but not with
models of variable, magnetically-mediated accretion.
6. CONCLUSIONS
We presented spectra of a sample of 25 young stars,
covering the Brγ feature at a resolution of ≈ 3500. For
10 of these targets, the data presented here are the first
observations of the Brγ spectral region, and emission was
detected from 8 for the first time. For the other targets
in our sample, which had been previously observed, we
presented multiple epochs of new data, which we used to
constrain the time-variability of Brγ emission from our
sample.
For most targets, observations were taken over a span
of >1 year, sampling time-spacings of roughly one day,
one month, and one year. We detected Brγ emission
from 21 sources, and saw significant variability in 10
of them (approximately 50%). This variability is con-
strained quantitatively through measurements of EW. In
some objects, we also observed changes in line profiles
with time.
The observed variability seems to occur over a range
of timescales. Night-to-night variations were detected
in some objects, and a periodogram analysis suggested
that some variability occurs on such timescales. These
timescales are similar to stellar rotation periods, and
are compatible with those expected for rotationally-
modulated accretion onto the central stars. However
the line profiles—which typically lack redshifted absorp-
tion across all observed epochs—are inconsistent with
rotationally-modulated accretion models. Furthermore,
some targets in our sample show evidence for substantial
variations in Brγ EW and line profiles on timescales of
months or years, much longer than stellar rotation peri-
ods.
An alternative explanation for observed Brγ variability
is time-variable extinction or changes in the continuum
flux level. Such variability might occur on inner disk
dynamical timescales, which are typically days to weeks,
or on longer timescales if there are orbiting clouds of
dust at larger radii. While continuum changes or time-
variable extinction could lead to variability in Brγ EW,
line profiles would remain approximately constant. This
scenario appears consistent with the observed variability
for many of our targets.
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TABLE 1
Observed Targets, Epochs, and Measured EWs
Source α δ MJD Tint Airmass Calibrators Tint Airmass Brγ EW
(J2000) (J2000) (s) (s) (A˚)
T Tauri Stars
AS 205 N 16 11 31.40 -18 38 24.5 55338 450 1.6 HD 144253 96 1.6 −6± 1
55339 900 1.6 HD 144253 240 1.7 −7± 1
55340 300 1.6 HD 144253 96 1.6 −5± 1
55341 300 1.6 HD 144253 120 1.7 −4± 1
55342 300 1.7 HD 144253 192 1.7 −5± 1
55373 300 1.6 HD 144253 160 1.7 −3± 1
55694 150 1.6 HD 144253 120 1.6 −4± 1
55695 300 1.7 HD 144253 120 1.8 −2± 1
55728 250 1.6 HD 144253 125 1.7 −5± 1
55729 250 1.6 HD 144253 125 1.7 −4± 1
V1002 Sco 16 12 40.51 -18 59 28.1 55339 900 1.6 HD 144253 240 1.7 −1± 1
55340 450 1.6 HD 144253 96 1.6 0± 1
55341 600 1.6 HD 144253 120 1.7 0± 1
55342 450 1.6 HD 144253 192 1.7 0± 1
55694 300 1.6 HD 144253 120 1.6 0± 1
55695 300 1.7 HD 144253 120 1.8 0± 1
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55728 375 1.6 HD 144253 125 1.7 −1± 2
55729 375 1.6 HD 144253 125 1.7 0± 1
V2508 Oph 16 48 45.63 -14 16 40.0 55338 450 1.5 HD 144253 96 1.6 −4± 1
55339 900 1.4 HD 144253 240 1.7 −3± 1
55340 450 1.5 HD 144253 96 1.6 −2± 1
55341 300 1.5 HD 144253 120 1.7 −3± 1
55342 450 1.5 HD 144253 192 1.7 −2± 1
55694 450 1.5 HD 144253 120 1.6 −3± 1
55695 300 1.6 HD 144253 120 1.8 0± 1
55728 250 1.4 HD 144253 125 1.7 −3± 1
55729 250 1.4 HD 144253 125 1.7 −2± 1
AS 209 16 49 15.30 -14 22 08.6 55338 450 1.5 HD 151528 120 1.5 −3± 1
55339 600 1.5 HD 151528 300 1.5 −3± 1
55340 300 1.5 HD 151528 240 1.5 −3± 1
55341 300 1.5 HD 151528 150 1.5 −3± 1
55694 300 1.5 HD 151528 240 1.5 −2± 1
55695 300 1.6 HD 151528 150 1.6 −3± 1
55728 250 1.5 HD 151528 125 1.5 −3± 1
55729 375 1.5 HD 151528 125 1.5 −3± 1
V521 Cyg 20 58 23.81 43 53 11.4 06/24/10 300 1.1 HD 192164 60 1.0 −2± 1
55373 200 1.0 HD 192164 80 1.1 −3± 2
Herbig Ae Stars
HD 141569 15 49 57.75 -03 55 16.3 55338 600 1.3 HD 135204 96 1.2 6± 1
55339 840 1.3 HD 135204 120 1.2 6± 1
55342 240 1.3 HD 135204 120 1.2 7± 1
55694 420 1.3 HD 135204 180 1.2 7± 1
55695 300 1.3 HD 135204 150 1.2 5± 1
55728 250 1.2 HD 135204 125 1.2 6± 1
55729 250 1.2 HD 135204 125 1.2 6± 1
MWC 863 16 40 17.92 -23 53 45.2 55338 120 1.8 HD 154088 84 2.0 −3± 1
55341 120 1.8 HD 154088 84 2.0 −5± 1
55694 240 1.8 HD 154088 90 2.0 −3± 1
55728 125 1.8 HD 154088 125 2.0 −2± 1
55729 250 1.9 HD 154088 125 2.0 −4± 1
51 Oph 17 31 24.95 -23 57 45.5 55338 60 1.8 HD 157172 120 1.6 4± 1
55341 120 1.8 HD 157172 150 1.6 2± 1
55694 120 1.8 HD 157172 270 1.6 4± 1
55695 150 1.8 HD 157172 300 1.6 4± 1
55728 125 1.9 HD 157172 250 1.6 3± 1
55729 250 1.8 HD 157172 250 1.6 4± 1
MWC 275 17 56 21.29 -21 57 21.9 55338 216 1.7 HD 157172 120 1.6 −6± 1
55341 120 1.7 HD 157172 150 1.6 −7± 1
55694 120 1.7 HD 157172 270 1.6 −5± 1
55695 150 1.8 HD 157172 300 1.6 −6± 1
55728 125 1.7 HD 157172 300 1.6 −6± 1
55729 125 1.7 HD 157172 250 1.6 −5± 3
VV Ser 18 28 47.90 00 08 40.0 55338 120 1.2 HD 174719 120 1.2 −6± 1
55339 600 1.2 HD 174719 300 1.2 −7± 1
55340 120 1.2 HD 174719 120 1.2 −5± 1
55341 120 1.2 HD 174719 120 1.2 −9± 1
55371 360 1.2 HD 174719 120 1.1 −5± 1
55694 270 1.2 HD 174719 120 1.2 −7± 1
55695 300 1.2 HD 174719 150 1.3 −8± 1
55728 250 1.2 HD 174719 250 1.1 −7± 1
55729 250 1.2 HD 174719 125 1.1 −7± 1
V2020 Cyg 20 48 20.35 43 39 48.2 55338 120 1.1 HD 204814 60 1.0 −5± 1
55370 300 1.0 HD 192164 120 1.0 −7± 1
55371 300 1.0 HD 192164 120 1.0 −5± 1
55373 300 1.0 HD 192164 80 1.1 −5± 1
Herbig Be Stars
EU Ser 18 19 09.38 -13 50 41.1 55371 450 1.5 HD 174719 120 1.1 −3± 1
55373 200 1.4 HD 174719 80 1.1 −3± 2
MWC 297 18 27 39.53 -03 49 52.1 55338 36 1.2 HD 174719 120 1.2 −26± 1
55339 144 1.3 HD 174719 300 1.2 −26± 1
55340 36 1.2 HD 174719 120 1.2 −26± 1
55341 36 1.2 HD 174719 120 1.2 −28± 1
55371 72 1.2 HD 174719 120 1.1 −22± 1
55694 126 1.2 HD 174719 120 1.2 −24± 1
55695 78 1.3 HD 174719 150 1.3 −26± 1
55728 80 1.2 HD 174719 250 1.1 −24± 1
55729 36 1.2 HD 174719 125 1.1 −23± 1
V1685 Cyg 20 20 28.24 41 21 51.6 55338 96 1.1 HD 204814 60 1.0 −12± 1
55339 240 1.0 HD 204814 240 1.1 −12± 1
55340 120 1.0 HD 204814 96 1.1 −13± 1
55341 120 1.1 HD 204814 96 1.2 −14± 1
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55342 120 1.0 HD 192164 60 1.0 −9± 1
55370 120 1.0 HD 192164 120 1.0 −13± 1
55371 120 1.0 HD 192164 120 1.0 −11± 1
55372 120 1.0 HD 192164 60 1.0 −11± 1
55373 80 1.1 HD 192164 80 1.1 −11± 1
55695 150 1.1 HD 192164 90 1.2 −10± 1
55728 125 1.0 HD 192164 100 1.0 −10± 1
V1972 Cyg 20 23 03.61 39 29 50.1 55338 60 1.0 HD 204814 60 1.0 −17± 1
55339 240 1.0 HD 204814 240 1.1 −16± 1
55340 60 1.0 HD 204814 96 1.1 −23± 1
55341 60 1.0 HD 204814 96 1.2 −19± 1
AS 442 20 47 37.47 43 47 24.9 55338 240 1.1 HD 204814 60 1.0 −7± 1
55339 300 1.0 HD 204814 240 1.1 −3± 1
55340 240 1.1 HD 204814 96 1.1 −3± 1
55341 240 1.1 HD 204814 96 1.2 −5± 1
55342 240 1.0 HD 192164 60 1.0 −5± 1
55370 120 1.0 HD 192164 120 1.0 −6± 1
55371 120 1.0 HD 192164 120 1.0 −4± 1
55373 160 1.0 HD 192164 80 1.1 −6± 2
55695 150 1.2 HD 192164 90 1.2 −4± 1
55728 375 1.0 HD 192164 100 1.0 −4± 1
V645 Cyg 21 39 58.24 50 14 21.2 55338 120 1.1 HD 192164 60 1.0 −2± 1
55370 150 1.1 HD 192164 120 1.0 −2± 1
55371 150 1.1 HD 192164 120 1.0 −1± 1
55373 400 1.1 HD 192614 80 1.1 −2± 1
V2019 Cyg 20 48 04.79 43 47 25.8 55338 270 1.1 HD 204814 60 1.0 −17± 1
55339 480 1.0 HD 204814 240 1.1 −21± 1
55340 450 1.0 HD 204814 96 1.1 −21± 1
55341 300 1.1 HD 204814 96 1.2 −18± 1
LkHα 169 20 52 07.65 44 03 44.4 55338 150 1.1 HD 190113 36 1.0 14 ± 2
55341 240 1.0 HD 204814 90 1.1 11 ± 2
55370 450 1.0 HD 192164 120 1.0 11 ± 2
V380 Cep 21 01 36.92 68 09 47.8 55373 300 1.2 HD 199476 80 1.4 −10± 3
V361 Cep 21 42 50.18 66 06 35.1 55373 400 1.2 HD 199476 80 1.4 1± 1
MWC 1080 23 17 25.57 60 50 43.3 55373 200 1.2 HD 215500 80 1.2 −7± 2
FU Ori Objects
V1057 Cyg 20 58 53.73 44 15 28.5 55338 120 1.2 HD 192164 120 1.1 0± 1
55339 600 1.2 HD 192164 120 1.1 0± 1
55340 120 1.1 HD 192164 60 1.0 −2± 2
55341 120 1.2 HD 192164 60 1.1 0± 1
55342 240 1.1 HD 192164 60 1.0 2± 2
55370 150 1.0 HD 192164 120 1.0 0± 1
55371 150 1.1 HD 192164 120 1.0 1± 1
55694 270 1.1 HD 192164 60 1.1 0± 1
55695 150 1.3 HD 192164 90 1.2 0± 1
V1515 Cyg 20 23 48.02 42 12 25.8 55338 240 1.1 HD 190113 156 1.1 −1± 1
55341 360 1.1 HD 190113 276 1.0 −1± 1
55342 450 1.1 HD 190113 300 1.1 −2± 1
55370 600 1.1 HD 190113 270 1.1 −2± 1
55371 300 1.0 HD 190113 120 1.0 −1± 1
55694 300 1.1 HD 190113 270 1.1 0± 1
55695 300 1.2 HD 190113 150 1.2 0± 1
Heavily Veiled Source
V1331 Cyg 21 01 09.21 50 21 44.8 55338 450 1.1 HD 192164 120 1.1 −14± 1
55339 900 1.1 HD 192164 120 1.1 −14± 1
55340 450 1.1 HD 192164 60 1.0 −13± 1
55342 300 1.1 HD 192164 60 1.0 −11± 1
55370 150 1.1 HD 192164 120 1.0 −14± 1
55371 450 1.1 HD 192164 120 1.0 −10± 1
55372 450 1.1 HD 192164 60 1.0 −10± 1
55695 450 1.3 HD 192164 90 1.2 −9± 1
55728 375 1.1 HD 192164 100 1.0 −12± 1
55729 375 1.1 HD 192164 100 1.0 −12± 1
Note. — Within each group (T Tauri stars, Herbig Ae stars, Herbig Be stars, FU Ori Sources, and heavily-veiled objects), sources are listed
roughly in order or right ascension, keeping targets that share common calibration in consecutive order. Uncertainties in measured EW include
statistical uncertainties and uncertainties related to uncorrected bad pixels, but do not include errors in estimation of continuum level.
